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OPTICAL PROJECTION DEVICE AND
PROJECTOR THAT CORRECTS THE
INCLINATION OF THE MOVABLE LENS
FRAME WITH RESPECT TO THE OPTICAL
AXIS

TECHNICAL FIELD

The present invention relates to a optical projection
device and a projector.

BACKGROUND ART

In the related art, a projector including a light source, an
optical modulation device which modulates light emitted
from the light source according to 1mage mformation, and a
optical projection device which projects light modulated by
the optical modulation device 1s known. The optical projec-
tion device 1s configured to include the plurality of lens
groups. A projection lens (optical projection device) includ-
ing a lens group configured to be able to move along an
optical axis among a plurality of lens groups 1s suggested
(for example, see PTL 1).

The projection lens described in PTL 1 includes a guide
barrel having a straight movement groove, a cam barrel
having a cam groove, a first lens group to a seventh lens
group, and a plurality of lens frames. Among the plurality of
lens frames, there 1s a front lens frame holding a fourth lens
group, an intermediate lens frame holding a fifth lens group,
and a rear lens frame holding a sixth lens group. The
intermediate lens frame 1s disposed between the front lens
frame and the rear lens frame and the rear lens frame 1s fixed
to the front lens frame.

Each of the front lens frame and the intermediate lens
frame has cam pins engaging with the cam groove and the
cam pins are supported on the cam groove and disposed
thereon. The cam pins which sandwich the intermediate lens
frame therebetween are formed on one side of the front lens
frame 1 a direction along the optical axis, the front lens
frame holds the fourth lens group 1n the vicinity of the cam
pins, and the rear lens frame 1s fixed to the other side of front
lens frame.

When the cam barrel 1s rotated, the cam pins are guided
to a straight movement groove and the cam groove and thus,
the front lens frame and the intermediate lens frame are
moved independently of each other. Since the rear lens
frame 1s fixed to the front lens frame, the {front lens frame
and the rear lens frame are integrally moved 1n a state of
respectively holding the fourth lens group and the sixth lens

group.

CITATION LIST

Patent Literature

PTL 1: JP-A-2010-107703

SUMMARY OF INVENTION

Technical Problem

However, there 1s a possibility that the front lens frame
and the rear lens frame are inclined with respect to an optical
axis of the projection lens described 1n PIL 1. That 1s, 1t 1s
considered that the cam pins of the front lens frame are
supported on the cam groove and disposed thereon and the
center ol gravity of members of the front lens frame, the

10

15

20

25

30

35

40

45

50

55

60

65

2

fourth lens group, the rear lens frame, and the sixth lens
group that are integrally moved is close to the rear lens
frame than the cam pins in the direction along the optical
axis. It 1s considered that since the cam pins and the rear lens
frame are disposed to be spaced apart by an amount exceed-
ing a movement amount of the intermediate lens frame 1n the
direction along the optical axis, the position of the cam pin
and the position of the center of gravity are greatly displaced
in the direction along the optical axis. For that reason, there
1s a possibility that the front lens frame and the rear lens
frame are inclined so that the rear lens frame side 1s lowered.
When the front lens frame and the rear lens frame are
inclined, the fourth lens group and the sixth lens group are
also inclined with respect to the optical axis and thus, a
projected 1mage 1s distorted. In a case where weight of the
sixth lens group 1s larger than weight of the fourth lens
group, the position of the cam pin and the position of the
center of gravity are further spaced apart from each other
and thus, a problem to be solved that the inclination becomes
more remarkable and smooth movement of the front lens
frame and the rear lens frame becomes diflicult occurs.

Solution to Problem

The present invention 1s intended to solve at least some of
the problems described above and may be realized by the
following aspects or application examples.

Application Example 1

A optical projection device according to the present
application example 1s a optical projection device having a
movable lens group movable along an optical axis, and the
optical projection device includes a movable lens frame
including a holding portion which holds the movable lens
group and a cam pin which protrudes from the holding
portion, a guide barrel which includes a straight movement
groove extending in the same direction as the direction along
the optical axis and in which the cam pin 1s imnserted into the
straight movement groove, a cam barrel which includes a
cam groove into which the guide barrel 1s fitted and with
which the cam pin protruding from the straight movement
groove 1s engaged and which 1s rotated with respect to the
guide barrel to thereby guide the cam pin by the straight
movement groove and the cam groove and move the mov-
able lens frame along the optical axis, and a correction
portion which corrects an inclination of the movable lens
frame with respect to the optical axis.

According to this configuration, since the cam pin 1s
engaged with the cam groove of the cam barrel and sup-
ported thereon, when the cam pin 1s formed at a position
spaced apart from the center of gravity, the movable lens
frame holding the movable lens group becomes easy to
incline with respect to the optical axis according to an
amount spaced therefrom, but the optical projection device
includes the correction portion and thus, 1t 1s possible to
suppress the inclination. Accordingly, 1t 1s possible to sup-
press the inclination of the movable lens group held 1n the
movable lens frame while increasing freedom of arrange-
ment of the cam pin or achieving miniaturization of the cam
barrel 1n the direction along the optical axis. Accordingly, 1t
becomes possible to provide a optical projection device
which suppresses distortion of an 1image and to project an
image with excellent 1image quality while achieving sup-
pression of complication, miniaturization, light weighting of
a structure or configuring member. Since the inclination 1s
suppressed, smooth movement becomes possible in the
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movable lens frame, 1t 1s possible to make an operating force
small 1n a configuration 1n which the cam barrel 1s manually
rotated, and i1t becomes possible to realize less power
consumption in a configuration in which the cam barrel 1s
clectrically rotated.

Application Example 2

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the cam
pin 1s formed at a position spaced apart from the center of
gravity including the movable lens frame and members
attached to the movable lens frame 1n the direction along the
optical axis, the correction portion 1s an urging portion
which urges the movable lens frame 1n a direction intersect-
ing with the direction along the optical axis, the optical
projection device includes a recerving portion which
receives the movable lens frame urged by the urging portion,
and the urging portion urges the movable lens frame at a
position closer than the cam pin with respect to the center of
gravity 1n the direction along the optical axis.

According to this configuration, since the optical projec-
tion device includes the urging portion as the correction
portion and the receiving portion, 1t becomes possible to
suppress the inclination of the movable lens group.

Application Example 3

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the urging
portion urges a portion located 1n the vicinity of the center
of gravity in the direction along the optical axis.

According to this configuration, it becomes possible to
form an urging portion which etfliciently transmits an urging
force for suppressing the inclination of the movable lens
frame to the movable lens frame. Accordingly, 1t becomes
possible to miniaturize the urging portion and simplify a
shape of the urging portion. Since 1t 1s possible to make the
urging force small, 1t becomes possible for the optical
projection device to be easily assembled even in the con-
figuration 1n which the urging portion 1s mcluded.

Application Example 4

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the
movable lens frame protrudes from the cam barrel to the
light emission side and includes a frame protruding portion
holding the movable lens group, and the urging portion
urges the frame protruding portion.

According to this configuration, it 1s possible to make a
s1ze of the cam barrel 1n the direction along the optical axis
small and i1t becomes possible to suppress the inclination of
the movable lens frame with respect to the optical axis even
in a configuration in which the center of gravity resides
outside of the cam barrel 1n the direction along the optical
axis.

Application Example 5

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device includes a plurality of the movable lens
groups and a plurality of the movable lens frames which
respectively hold the plurality of the movable lens groups,
cach of the cam pins 1s formed at a position spaced apart 1n
the same direction with respect to each center of gravity
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including the movable lens frame and members attached to
the movable lens frame 1n the direction along the optical axis
in the plurality of the movable lens frame, and the urging
portion urges the movable lens frame holding the movable
lens group disposed closest to an end of a side opposite to
the same direction in the direction along the optical axis,
among the plurality of movable lens groups.

According to this configuration, for example, the cam pin
of each of the plurality of the movable lens frames 1s formed
at a light incidence side of the movable lens frame and the
urging portion urges the movable lens frame holding the
movable lens group disposed closest to a light emission side
among the plurality of movable lens groups. With this, even
in the configuration in which the plurality of the movable
lens groups are included, 1t becomes possible to miniaturize
the cam barrel in the direction along the optical axis,
suppress complication of a structure, and suppress the 1incli-
nation of the movable lens frame disposed closest to the light
emission side or closest to the light incidence side with
respect to the optical axis.

Application Example 6

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the urging
portion 1ncludes a first urging portion and a second urging
portion that urge the movable lens frame 1n each direction of
a first direction and a second direction that intersect with
cach other within a plane orthogonal to the optical axis.

According to this configuration, since 1t 1s possible to
suppress the inclination of the movable lens group 1n the two
directions described above, 1t becomes further possible to
provide the optical projection device projecting an image
with excellent image quality.

Application Example 7

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the
receiving portion 1s provided 1n the guide barrel and slidably
receives the movable lens frame urged by the urging portion.

According to this configuration, it becomes possible to
provide a configuration in which the inclination of the
movable lens frame 1s accurately suppressed with a simple
structure.

Application Example 8

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the urging
portion 1s a leaf spring supported on the guide barrel or the
movable lens frame.

According to this configuration, for example, 1t becomes
possible to provide a configuration 1n which the movable
lens frame 1s easily urged by forming the urging portion 1n
such a way that one end side 1s fixed to the guide barrel and
the movable lens frame 1s pushed at the other end side. Also,
it becomes possible to provide a configuration 1n which the
movable lens frame 1s urged by a reaction force pushing the
guide barrel by forming the urging portion in such a way that
one end side 1s fixed to the movable lens frame and the guide
barrel 1s pushed at the other end side. Accordingly, 1t
becomes possible to provide a configuration 1n which the
movable lens frame 1s urged 1n a simple structure while
achieving space-saving of disposition space of the urging
portion 1n a simple structure.
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Application Example 9

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device includes a plurality of the movable lens
groups sequentially disposed toward the other side from one
side of the optical axis and a plurality of the movable lens
frames respectively holding the plurality of the movable lens
groups, at least one movable lens frame of the plurality of
the movable lens frames 1s a protrusion lens frame including,
an 1nsertion portion inserted into the movable lens frame
adjacent to the one side and a frame {fitting portion fitted into
the guide barrel, and the correction portion 1s a shide
protrusion which protrudes from at least any one of the inner
surface of the guide barrel and the outer surface of the frame
fitting portion and by which the protrusion lens frame 1is
slidably abutted on the guide barrel.

According to this configuration, in the protrusion lens
frame among the plurality of the movable lens frames, the
insertion portion 1s mnserted into the movable lens frame
adjacent to the one side and the frame {itting portion 1s fitted
into the guide barrel. Since the protrusion lens frame slides
by being abutted on the guide barrel by the slide protrusion,
even when the cam pin 1s provided at a position spaced apart
from the center of gravity including the protrusion lens
frame and the movable lens group held by the protrusion
lens frame, the inclination with respect to the optical axis 1s
suppressed. Accordingly, it becomes possible to provide the
optical projection device capable of suppressing the incli-
nation of the movable lens group held by the protrusion lens
frame with space saving and a simple configuration.

Application Example 10

In the optical projection device according to the applica-
tion example described above, i1t 1s preferable that the
plurality of the movable lens groups include a top lens group
disposed closest to the one side among the plurality of
movable lens groups and a plurality of rear-stage lens groups
sequentially disposed at the other side of the top lens group,
and the plurality of the movable lens frames respectively
holding the plurality of the rear-stage lens groups are the
protrusion lens frame.

According to this configuration, since the movable lens
frames respectively holding the plurality of the rear-stage
lens groups are the protrusion lens frame, the inclination
with respect to the optical axis 1s suppressed by the slide
protrusion and 1s moved. With this, it becomes possible to
suppress the inclination of the plurality of the rear-stage lens
groups with respect to the optical axis with a simple con-
figuration.

Application Example 11

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device includes the protrusion lens frame having
the slide protrusion and a notch allowing the slide protrusion
to pass 1s formed in the movable lens frame into which the
insertion portion of the protrusion lens frame having the
slide protrusion 1s mserted.

According to this configuration, the notch allowing the
slide protrusion to pass 1s formed 1n the movable lens frame
into which the nsertion portion of the protrusion lens frame
having the slide protrusion is mnserted. With this, it becomes
possible to form the slide protrusion at a position closer than
the cam pin with respect to the insertion portion in the
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protrusion lens frame. Accordingly, in a case where 1t 1s
configured 1n such a way that the movable lens group 1is
disposed 1n the insertion portion, 1t 1s considered that the
center of gravity including the protrusion lens frame and the
movable lens group held by the protrusion lens frame 1s 1n
the vicinity of the movable lens group and thus, 1t becomes

possible to provide the slide protrusion at the position closer
than the cam pin with respect to the movable lens group and
ciliciently suppress the inclination of the protrusion lens
frame with respect to the optical axis.

Application Example 12

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device includes the protrusion lens frame in
which the slide protrusions are arranged at both sides
between which the cam pin 1s sandwiched, 1n the direction
along the optical axis.

According to this configuration, both sides of the cam pin
supported on the cam groove are slidably abutted on the
guide barrel 1in the protrusion lens frame. A plurality of
points 1n the protrusion lens frame are slidably abutted on
the guide barrel 1n the direction along the optical axis. With
this, 1t becomes possible to further suppress the inclination
of the protrusion lens frame with respect to the optical axis.

Application Example 13

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the slide
protrusions are formed intermittently in a circumierential
direction around the optical axis.

According to this configuration, simplification of a mold
structure for forming the slide protrusion or mold processing
for finely adjusting the size of the slide protrusion becomes
casier compared to a configuration in which the slide pro-
trusion 1s formed throughout the entire circumierence
around the optical axis.

Application Example 14

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device 1includes an adjacently-provided lens
group adjacent to the movable lens group and an adjacently-
provided holding frame that holds the adjacently-provided
lens group, one of any of the movable lens frame and the
adjacently-provided holding frame includes an 1insertion
portion to be inserted into the other of the movable lens
frame and the adjacently-provided holding frame and the
other includes an inserted portion into which the 1nsertion
portion 1s 1nserted, the correction portion 1s an elastic
member pushed between the outer peripheral surface of the
insertion portion and the inner peripheral surface of the
inserted portion, and the elastic member 1s disposed at one
of any of the outer peripheral surface and the inner periph-
eral surface and 1s formed to be relatively slidable with
respect to the other of the outer peripheral surface and the
iner peripheral surface.

According to this configuration, the optical projection
device includes the movable lens frame and the adjacently-
provided holding frame which are adjacent to each other and
1s formed 1n such a way that the 1nsertion portion provided
at the one of the movable lens frame and the adjacently-
provided holding frame 1s inserted into the inserted portion
provided at the other thereof. The elastic member described
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above 1s disposed between the outer peripheral surface of the
insertion portion and the iner peripheral surface of the
inserted portion. With this, even in the configuration of the
movable lens frame 1n which positions of the cam pin and
the movable lens group are spaced apart, 1t 1s possible to
keep a distance between the outer peripheral surface of the
isertion portion and the inner peripheral surface of the
inserted portion at a predetermined distance by the elastic
member. Accordingly, 1t 1s possible to prevent the mutual
inclination between the movable lens frame and the adja-
cently-provided holding frame with respect to the optical
axis.

Application Example 15

In the optical projection device according to the applica-
tion example described above, 1t 1s preferable that the
movable lens frame and the adjacently-provided holding
frame are moved along the optical axis independently of
cach other.

According to this configuration, since the movable lens
group and the adjacently-provided lens group that are adja-
cent to each other are configured as lens groups contributing
to adjustment such as focus adjustment and zoom adjust-
ment, 1t becomes possible to provide the optical projection
device projecting an i1mage with excellent 1image quality
even 1n a case where the adjustment described above 1is
performed.

Application Example 16

In the optical projection device according to the applica-
tion example described above, it 1s preferable that a groove
portion extending in the peripheral direction 1s formed on
the outer peripheral surface of the insertion portion and the
clastic member 1s installed at the groove portion formed 1n
a ring shape.

According to this configuration, it 1s possible to dispose
the elastic member 1n the insertion portion with a simple
structure.

Application Example 17

In the optical projection device according to the applica-
tion example described above, it 1s preferable that the optical
projection device includes a reflection optical system retlect-
ing light emitted from the movable lens group.

According to this configuration, 1t becomes possible to
change the direction of light from the movable lens group
and achieve widening of an angle of light by the reflection
optical system. Accordingly, 1t 1s possible to provide the

optical projection device disposed close to a projection
surface and capable of widening an angle.

Application Example 18

In the projection optical projection device according to
the application example described above, 1t 1s preferable that
the movable lens group 1s a lens group contributing to the
focus adjustment.

According to this configuration, since the inclination of
the movable lens group, which contributes to the focus
adjustment, with respect to the optical axis 1s suppressed, 1t
becomes possible to provide the optical projection device
suppressing the increase in optical aberration and projecting
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an 1mage with excellent image quality, even 1n a case where
the focus adjustment 1s performed.

Application Example 19

A projector according to the present application example
includes alight source, an optical modulation device that
modulates light emitted from the light source according to
image mformation, and the optical projection device accord-
ing to any one of the application examples that projects light
modulated by the optical modulation device.

According to this configuration, since the projector
includes the optical projection device described above, the
projector becomes possible to suppress distortion of light
modulated by the optical modulation device and project an
image with excellent image quality while achieving minia-
turization.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram schematically 1llustrating an example
ol a usage pattern of a projector of a first embodiment.

FIG. 2 1s a diagram 1llustrating a schematic configuration
of the projector of the first embodiment.

FIG. 3 15 a perspective view of a optical projection device
of the first embodiment.

FIG. 4 1s a cross-sectional view of the optical projection
device of the first embodiment.

FIG. 5 1s an exploded perspective view of a first optical
system of the first embodiment.

FIG. 6 15 a perspective view of a first lens frame, a second
lens frame, and a third lens frame of the first embodiment.

FIG. 7 1s a cross-sectional view of a first optical system
of the first embodiment.

FIG. 8 1s a cross-sectional view of the first optical system
of the first embodiment when seen from the -Y side.

FIG. 9 1s a perspective view of a guide barrel and an
urging portion of the first embodiment.

FIG. 10 1s another perspective view of the guide barrel
and the urging portion of the first embodiment.

FIG. 11 1s a cross-sectional view of a optical projection
device of a second embodiment.

FIG. 12 1s an exploded perspective view of a first optical
system 1n the second embodiment.

FIG. 13 1s another exploded perspective view of the first
optical system in the second embodiment.

FIG. 14 1s a partial cross-sectional view of a portion
located 1n the vicinity of a ring-shaped elastic member 1n the
first optical system of the second embodiment.

FIG. 15 1s another partial cross-sectional view of the
portion located in the vicinity of the ring-shaped elastic

member 1n the first optical system of the second embodi-
ment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Heremaftter, description will be made on a projector
making reference to drawings according to the present
embodiment.

A projector of the present embodiment 1s configured to be
able to project an 1mage on a projection surface such as a
screen 1 a state of being supported on a support tool
installed at a wall surface or the like or a state of being
placed on a desktop or the like.
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FIG. 1 1s a diagram schematically 1llustrating an example
ol a usage pattern of a projector 1 of a first embodiment.
Specifically, FIG. 1 1s a diagram schematically illustrating
the projector 1 supported on a support tool Mt 1nstalled on
the wall surface and a screen SC disposed on the wall
surface.

The projector 1 1s installed above the screen SC and
projects an 1mage on the screen SC from a side directed
downward, as illustrated 1n FIG. 1. In the following, for
convenience of explanation, a normal direction relative to
the wall surface (screen SC) 1s described as a front-and-back
direction, a direction toward the wall surface 1s described as
the front direction (+Y direction), a direction in defiance of
gravity 1s described as the up direction (+Z direction), the
right side toward the wall surface 1s described as the right
direction (+X direction) 1n the projector 1 supported on the
support tool Mt. The projector of the present embodiment 1s
configured to be able to project an 1mage even 1n a posture
at which the +Y side or the +Z side 1s placed on a desktop,
a floor, or the like in the posture illustrated in FIG. 1.
[Main Configuration of Projector]

FIG. 2 1s a diagram 1llustrating a schematic configuration
of the projector 1 of the first embodiment.

As 1llustrated in FIG. 2, the projector 1 includes an outer
casing 2 constituting an exterior, a controller (not 1llus-
trated), an optical umit 3 including a light source device 31,
and an 1mage-capturing device 4. Although 1illustration 1s
omitted, a power supply device supplying power to the light
source device 31, the controller, and the like or a cooling
device which cools down the optical unit 3 or the like 1s
disposed inside of the outer casing 2.

Although detailed description 1s omitted, the outer casing
2 15 constituted with a plurality of members and 1s provided
with an air inlet for taking outside air or an air outlet for
exhausting air warmed inside the outer casing 2 to the
outside.

The controller functions as a computer including a central
processing unit (CPU), a read only memory (ROM), a
random access memory (RAM), or the like and performs
control of an operation of the projector 1, for example,
control of 1mage projection.

The optical unit 3 projects light emitted from the light
source device 31 by optically processing under control of the
controller.

As 1illustrated 1n FIG. 2, the optical umit 3 includes an
integrator illumination optical system 32, a color separation
optical system 33, a relay optical system 34, an optical
device 35, a optical projection device 5, and a casing for
optical components 37 for disposing these optical compo-
nents at a predetermined position on a optical path, in
addition to the light source device 31.

The light source device 31 includes a discharge type light
source 311 configured with a super-high pressure mercury
lamp, a metal halide lamp, or the like, a retlector 312, a
collimating lens 313, and the like. The light source device 31
reflects light emitted from the light source 311 by the
reflector 312, arranges an emission direction by the colli-
mating lens 313, and then emits light toward the integrator
illumination optical system 32.

The integrator i1llumination optical system 32 includes a
first lens array 321, a second lens array 322, and a polar-
ization conversion element 323, and a superimposed lens
324.

The first lens array 321 has a configuration in which small
lenses are arrayed 1n a matrix shape and divides light emitted
from the light source device 31 into a plurality of partial
light beams. The second lens array 322 has substantially the
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same configuration as that of the first lens array 321 and
together with the superimposed lens 324, substantially
superimposes the partial light beams on a surface of a liquad
crystal panel which will be described. The polarization
conversion element 323 has a function of arranging random
light beams emitted from the second lens array 322 into one
type of polarized light beams capable of being used 1n the
liquid crystal panel.

The color separation optical system 33 includes two
dichroic mirrors 331 and 332 and a reflection mirror 333 and
has a function of separating light emitted from the integrator
illumination optical system 32 into color light beams of 3
colors of red light beam (heremnafter, referred to as “R
light), green light beam (hereinatter, referred to as “G
light”), and blue light beam (heremafter, referred to as “B
light™).

The relay optical system 34 includes a light incidence side
lens 341, a relay lens 343, and reflection mirrors 342 and 344
and has a function of guiding R light separated by the color
separation optical system 33 to the liquid crystal panel for R
light. In the optical unit 3, a configuration in which the relay
optical system 34 guides R light 1s adopted, but 1s not limited
thereto and may adopt, for example, a configuration in
which the relay optical system 34 guides B light.

The optical device 35 includes optical modulation devices
351 (it 1s assumed that an optical modulation device of R
light 1s 351R, an optical modulation device of G light 1s
351G, an optical modulation device of B light 1s 351B)
provided for respective color light beams and a cross
dichroic prism 352 as a color combining optical device.

Each of the optical modulation devices 351 includes a
transmissive liquid crystal panel, a light incidence side
polarization plate disposed at a light incidence side of the
liquid crystal panel, and a light emission side polarization
plate disposed at a light emission side of the liquid crystal
panel and modulates respective light beams according to
image nformation.

The cross dichroic prism 352 has a substantially square
shape to which four right-angle prisms are stuck 1in plan view
and two dielectric multilayer films are formed at an interface
at which rnight-angle prisms are stuck to each other. In the
cross dichroic prism 352, the dielectric multilayer films
reflect R light and B light modulated 1n the optical modu-
lation devices 351R and 351B, allows G light modulated 1n
the optical modulation device 351G to transmit, and com-
bines three colors of modulated light beams.

Although details will be described later, the optical pro-
jection device 5 includes a first optical system 6 having an
optical axis Ax and a second optical system 7 (reflection
optical system) reflecting light emaitted from the first optical
system 6. The optical projection device 5 enlarges and
projects light combined in the cross dichroic prism 3352 to a
screen SC disposed below the projector 1, as illustrated 1n
FIG. 1.

The image-capturing device 4 includes an 1mage-captur-
ing element (not illustrated), for example, a charge coupled
device (CCD), a complementary metal oxide semiconductor
(CMOS), photographs a projection surface, and outputs
photographed information to the controller. The i1mage-
capturing device 4 detects light emitted from an indication
tool (Tor example, electronic pen) operated on the projection
surface by a user and outputs detected imnformation to the
controller. The controller analyzes a position of the 1ndica-
tion tool based on information output from the image-
capturing device 4 and projects based on the analyzed result
as an 1mage 1n which for example, a locus of the indication
tool 1s represented by points and lines.
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| Configuration of Optical Projection Device]
The optical projection device 5 will be described 1n detail.
FIG. 3 1s a perspective view of the optical projection
device 5 and 1llustrates a state 1n which a cover 51B, which
will be described later, 1s removed. FIG. 4 1s a cross-
sectional view of the optical projection device 5 1n the Y-Z

plane including the optical axis Ax.

As 1llustrated 1n FIG. 3 and FIG. 4, the optical projection
device 3 includes the first optical system 6 having a plurality
of lens groups in which a single or a plurality of lenses
disposed along the optical axis Ax are set as a single lens
group and the second optical system 7 reflecting light
emitted from the first optical system 6. As 1llustrated 1n FIG.
1, the direction along the optical axis Ax 1s assumed as =Y
direction 1n the projector 1 supported on the support tool Mt
installed at the wall surface, and a light incidence side
(optical path upstream side) onto which light combined 1n
the cross dichroic prism 352 i1s incident becomes the +Y side
and a light emission side (optical path downstream side,
second optical system 7 side) becomes the —Y side in the
first optical system 6.

The optical projection device 5 includes a casing 51 for
optical projection and a light transmitting plate 53, 1n
addition to the first optical system 6 and the second optical
system 7 as 1illustrated in FIG. 4.

FIG. 5 1s an exploded perspective view of the first optical
system 6.

The first optical system 6, as illustrated in FIG. 4 and FIG.
5, includes a first lens group L1 to a fourth lens group 1.4,
a first lens frame 61 to a fourth lens frame 64 which
respectively hold a first lens group L1 to a fourth lens group
L4, a guide barrel 635, a cam barrel 66, and an urging portion
as a {irst correction portion which are sequentially disposed
toward the light incidence side (+Y side) from the light
emission side (=Y side) along the optical axis Ax.

The first lens group L1 to the third lens group L3 are
movable lens groups movable along the optical axis Ax.

Specifically, the first lens group L1 1s constituted with a
single lens and 1s disposed closest to the light emission side
(—=Y side) among a plurality of movable lens groups 1n the
first optical system 6. A single lens constituting the first lens
group L1 1s formed with a synthetic resin aspherical lens and
has a shape obtained by removing a portion of the —Z side
from a circular shape 1n plan view and a portion of both of
the left and right sides. The second lens group L2, the third
lens group L3, and the fourth lens group L4 are respectively
constituted with a plurality of lenses and are sequentially
disposed at the light incidence side (+Y side) of the first lens
group LL1. The second lens group L.2 has a shape obtained by
removing a portion of the -7 side from a circular shape in
plan view.

The first lens frame 61 to the third lens frame 63 are
movable lens frames that respectively hold the first lens
group L1 to the third lens group L3.

Specifically, the first lens frame 61 includes a cylindrical
holding portion 611 holding the first lens group L1 and a
plurality of cam pins 61p protruding from the holding
portion 611 1n a direction orthogonal to the optical axis Ax.

The second lens frame 62 includes a cylindrical holding
portion 621 holding the second lens group L2 and a plurality
of cam pins 62p protruding from the holding portion 621 1n
a direction orthogonal to the optical axis Ax.

The third lens frame 63 includes a cylindrical holding
portion 631 holding the third lens group L3 and a plurality
of cam pins 63p protruding from the holding portion 631 1n
a direction orthogonal to the optical axis Ax.
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Three cam pins are provided at substantially equal inter-
vals of 120° in the circumierential direction around the
optical axis Ax for each of the cam pins 61p, 62p, and 63p,
the tip portion 1s formed 1n a tapered shape 1n which the edge
portion becomes gradually thinner, and the tip portion 1s set
to a length protruding from a straight movement groove 651,
which will be described later, of the guide barrel 65.

The fourth lens frame 64 1s formed 1n a cylindrical shape,
holds the fourth lens group L4 and 1s fixed to the guide barrel
65.

As such, the optical projection device 5 includes the first
lens group L1 to the third lens group L3 which are movable
and the fourth lens group L4 fixed to the guide barrel 65 that
are sequentially disposed toward the light incidence side
which becomes the other side of the optical axis from the
light emission side which becomes one side of the optical
axis Ax. The first lens group L1 corresponds to the top lens
group disposed closest to one side of the optical axis Ax
among the plurality of the movable lens groups (first lens
group L1 to the third lens group L3) and the second lens
group .2 and the third lens group L3 correspond to rear-
stage lens groups sequentially disposed at the other side
(light 1ncidence side) of the top lens group.

The guide barrel 65 1s formed with synthetic resin, has an
opening 1n a front-and-back direction (Y direction), and as
illustrated in FIG. 4 and FIG. 5, includes a cylindrical fitting
portion 65A fitted into the cam barrel 66, a barrel protruding,
portion 65B having a cylindrical shape and provided on the
-Y side of the fitting portion 65A and a cylindrical mounting,
portion 65C having a cylindrical shape and provided on the
+Y side of the fitting portion 65A.

The barrel protruding portion 635B has an outer diameter
larger than an outer diameter of the fitting portion 65A and
1s Tormed to protrude from the cam barrel 66 to the -Y side.
In the fitting portion 65A, as illustrated 1n FIG. 5, three
straight movement grooves 631 extending 1n the same
direction as the direction along the optical axis Ax are
formed from a stepped portion formed with the fitting
portion 65A and the barrel protruding portion 65B toward
the +Y direction.

The mner diameter of the fitting portion 65A 1s set to a
s1ze capable of allowing the holding portions 631, 621, and
611 to be inserted and the inner diameter of the barrel
protruding portion 65B 1s set to a size capable of allowing
the entirety of each of the third lens frame 63, the second
lens frame 62, and the first lens frame 61 to be 1nserted.

The mounting portion 63C has an outer diameter smaller
than an outer diameter of the fitting portion 65A and 1s
formed to protrude from the cam barrel 66 to the +Y side.

The third lens frame 63, the second lens frame 62, and the
first lens frame 61 are inserted in this order from the barrel
protruding portion 65B. Specifically, in the third lens frame
63, the second lens frame 62, and the first lens frame 61, the
cam pins 63p, 62p, and 61p are inserted into the straight
movement groove 651 and the holding portions 631, 621,
and 611 are mserted into the fitting portion 65A. Although
detailed description 1s omitted, the fourth lens frame 64 is
fixed to the mounting portion 65C through a member. The
guide barrel 65 1s not limited to one made of synthetic resin
and may i1nclude one made of metal such as aluminum.

The cam barrel 66 1s made of a synthetic resin and has an
opening 1n the front-and-back direction (xY direction), the
fitting portion 65A of the guide barrel 65 1s fitted into the
cam barrel 66, and the cam barrel 66 1s formed to be
rotatable around the optical axis Ax with respect to the guide
barrel 65. A cam groove 661 engaged with each of the cam
pins 61p, 62p, and 63p protruding from the straight move-
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ment groove 651 1s formed on the inner surface of the cam
barrel 66. The cross-sectional shape of a cam groove 661 1s
formed to be engaged with the tapered tip portions of the
cam pins 61p, 62p, and 63p.

The cam groove 661 includes an introducing portion
linearly formed along the optical axis Ax in order to 1ntro-
duce the cam pins 61p, 62p, and 63p and a defining portion
which 1s branched from the mtroducing portion and defines
movement of each of the first lens frame 61, the second lens
frame 62, and the third lens frame 63.

The cam barrel 66 1s attached to a lever not illustrated and
1s rotated by allowing the lever to be operated from the
outside of the projector 1.

When the cam barrel 66 1s rotated, the cam pins 61p, 62p,
and 63p are guided to the straight movement groove 651 and
the cam groove 661, and the first lens frame 61, the second
lens frame 62, and the third lens frame 63 are moved along
the straight movement groove 651 independently of each
other. Respective movement amounts of the first lens frame
61, the second lens frame 62, and the third lens frame 63 are
different from one another and the movement amount of the
second lens frame 62 1s set to become largest. The cam
barrel 66 1s rotated to thereby cause focus adjustment by the
first optical system 6 to be performed. That 1s, the first lens
group L1 to the third lens group L3 contribute to focus
adjustment. This so-called focus adjustment 1s not limited to
focal length adjustment but may include field curvature
adjustment. The cam barrel 66 1s not limited to one made of
synthetic resin and may include one made of metal such as
aluminum.

Although details will be described later, the urging por-
tion 67, as illustrated i FIG. 5, includes a first urging
portion 67x supported on the guide barrel 65 and a second
urging portion 67z, urges a part protruding from the cam
barrel 66 of the first lens frame 61 1n the direction inter-
secting with the optical axis Ax, and corrects the inclination
of the first lens frame 61 with respect to the optical axis Ax.
Specifically, the first urging portion 67x urges the first lens
frame 61 1n the +X direction and the second urging portion
67z urges the first lens frame 61 1n the —Z direction. The +X
direction corresponds to the first direction and the -Z
direction corresponds to the second direction. That 1s, the
urging portion 67 urges the first lens frame 61 1n each of the
first direction and the second direction intersecting with each
other within a plane orthogonal to the optical axis Ax.

As 1illustrated 1n FIG. 4, the second optical system 7
includes a reflection mirror 71 as a reflection portion. The
reflection mirror 71 1s formed in a concaved surface shape,
widens an angle of light emitted from the first optical system
6 to be reflected, and allows light to pass through the vicinity
of the first optical system 6. The second optical system 7
may be configured to include a plurality of mirrors or plane
mirrors.

As 1llustrated 1n FIG. 4, the casing 51 for optical projec-
tion includes a casing body 51A and a cover 51B and
accommodates the first optical system 6 and the second
optical system 7.

As 1llustrated 1n FI1G. 3 and FIG. 4, the casing body 51A
1s formed 1n a box shape opened at its —Z side, and in the
casing body 51 A, an 1nsertion hole 512 into which the fourth

lens frame 64 of the first optical system 6 1s inserted is
formed on the wall 511 of the +Y side, and an opening 513
closed by the reflection mirror 71 1s formed on the wall of
the -Y side.
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The wall 511 1s formed 1n a rectangular shape in plan view
and the optical device 335 1s attached to the surface of the +Y
side of the wall 511 through a holding member which 1s not
illustrated.

In the first optical system 6, the guide barrel 65 1s fixed to
the casing body 51A by a screw and 1s disposed inside the
casing body 51A. The reflection mirror 71 1s fixed to the
casing body 51A by a screw through a member such as a leaf
spring.

As 1llustrated in FIG. 4, 1n the casing body 51A, the cover
51B closes the -Y side of a part which opens at the -7 side
and 1s formed such that the —Z side of the cam barrel 66 1s
exposed.

In the cover 51B, an inclination portion 521, a wall 522
extending to the +7 side from the end portion of the
inclination portion 521, and an opening 523 through which
light reflected from the reflection mirror 71 passes are
formed to approach the optical axis Ax as 1t goes toward the
second optical system 7 from the vicinity of an end portion
of the -Y side of the cam barrel 66.

The light transmitting plate 33 i1s formed with plate
material such as glass to have a rectangular shape and closes
the opening 523 attached to the cover 51B.

Light emitted from the cross dichroic prism 332 refracts
in the first optical system 6 and proceeds in the direction
inclined to the +7 side rather than the optical axis Ax. Light
emitted from the first optical system 6 1s retlected by the
second optical system 7, proceeds in the direction inclined
to the —Z7 side rather than the optical axis Ax, 1s transmitted
through the light transmitting plate 53, and 1s projected onto
the screen SC.

Here, the movable lens frames (first lens frame 61, second
lens frame 62, and third lens frame 63), the guide barrel 65,
and the urging portion 67 will be described 1n further detail.

FIG. 6 1s a perspective view illustrating the first lens
frame 61, the second lens frame 62, and the third lens frame
63. F1G. 7 1s a cross-sectional view of the first optical system
6.

As 1llustrated 1n FIG. 6, the first lens frame 61 1s formed
in such a way that the cam pin 61p 1s formed in the vicinity
of the +Y side end portion of the holding portion 611 and as
illustrated 1 FIG. 3 and FIG. 7, the -Y side of the holding
portion 611 protrudes from the cam barrel 66. Apart pro-
truding from the cam barrel 66 of the holding portion 611 1s
set as a frame protruding portion 611A. The optical projec-
tion device 5 of the present embodiment 1s configured to be
able to allow a state 1n which a protrusion amount from the
cam barrel 66 of the holding portion 611, that 1s, a length of
the frame protruding portion 611A in the direction along the
optical axis Ax becomes equal to a length of the cam barrel
66 in the direction along the optical axis Ax. The optical
projection device 5 may be configured in such a way that the
length of the frame protruding portion 611 A 1n the direction
along the optical axis Ax becomes clearly shorter than the
length of the cam barrel 66 1n the direction along the optical
axis AX.

In the frame protruding portion 611A, as illustrated 1n
FIG. 4, an iclhination portion 611B formed in such a way
that a portion of the end portion of the light emission side 1s
cut out 1s provided at the -7 side, that 1s, the side through
which light reflected 1in the reflection mirror 71 passes. The
inclination portion 611B 1s positioned at the inner side of the
inclination portion 521 of the cover 51B, and 1s inclined to
approach the optical axis Ax as 1t goes from the vicinity of
the cam barrel 66 to the second optical system 7. The
inclination portions 521 and 611B are set to be substantially
parallel to a ray of light R1 at a position closest to the first
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optical system 6 side among light beams retlected in the
reflection mirror 71. The shape of the inclination portion
611B 1s not limited to a planar shape and may include a

stepped shape or the like as long as the inclination portion
611B i1s inclined 1n 1ts entirety. As illustrated 1n FIG. 4, the
inclination portion 321 of the cover 51B 1s formed to
approach the inclination portion 611B 1n a range in which
the inclination portion 521 1s not abutted on the inclination
portion 611B 1n a state where the first lens frame 61 1s moved
closest to the -Y side.

In the frame protruding portion 611A, as illustrated in
FIG. 7, a lens attaching portion 611C in which the first lens
group L1 1s held 1s formed at the -Y side of the inclination
portion 611B.

FIG. 8 1s a cross-sectional view of the first optical system
6 when seen from the -Y side and 1s a cross-sectional view
in the lens attaching portion 611C.

The lens attaching portion 611C, as illustrated 1n FIG. 7
and FIG. 8, 1s formed such that the +Z7 side protrudes and 1s
formed to cover the outer peripheral edge of the first lens
group L1 and an edge portion of the first lens group L1 1n
the +Y side. The first lens group L1, as illustrated in FIG. 7,
1s held 1n the lens attaching portion 611C by being sand-
wiched between a ring-shaped metal plate PLL having an
opening in the center thereol and the lens attaching portion
611C.

In the +7 side of the frame protruding portion 611A, as
illustrated 1n FIG. 7, a protrusion 6117 1s provided 1n a corner
portion formed by allowing the lens attaching portion 611C
to protrude to the +7 side.

As 1llustrated 1n FIG. 8, the lens attaching portion 611C 1s
formed 1n such a way that walls 611L and 611R for holding
the first lens group L1 1n the left and right direction (£X
direction) are formed along the up and down direction (£7
direction). In the wall 611R of the +X side, plate-shaped
protrusions 612a and 61256 protruding 1n the +X direction
and juxtaposed 1n the up and down direction are formed. The
protrusion 612a 1s formed at the —Z side of the protrusion
61256. In the wall 611L of the —X side, a protrusion 613q
protruding in the -X direction and formed at a position
substantially the same as the protrusion 612a in the up and
down direction 1s formed.

In the holding portion 611, as 1llustrated 1n FIG. 6, a notch
611/ obtained by cutting out an end portion of the +Y side
of the holding portion 611 1n a rectangular shape 1n plan
view 1s formed. The notch 611/ 1s formed 1n such a way that
a slide protrusion 6211, which will be described later,
provided in the second lens frame 62 1s allowed to pass and
the slide protrusion 621T abuts on the inner surface of the
guide barrel 65. Three notches 611/ are provided at sub-
stantially equal intervals of 120° so as to be positioned
between adjacent cam pins 61p in the circumierential direc-
tion of a circle whose center 1s the optical axis Ax.

As 1llustrated in FIG. 7, the second lens frame 62 1s
formed 1n such a way that the cam pin 62p 1s formed 1n the
vicinity of the +Y side end portion of the holding portion 621
and the -Y side of the holding portion 621 1s able to be
inserted into the holding portion 611 of the first lens frame
61. That 1s, the second lens frame 62 1s formed in such a way
that the —-Y side of the holding portion 621 protrudes from
the cam barrel 66, similar to the first lens frame 61. In the
second lens frame 62 (holding portion 621), a part inserted
into the adjacent first lens frame 61 (holding portion 611) 1s
set as an 1nsertion portion 621a and a part fitted into the

fitting portion 65A by insertion 1s set as a Iframe fitting
portion 621/.
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In the insertion portion 621a, as illustrated 1 FIG. 7, a
frame notch 621c¢ positioned at the mner side of the incli-
nation portion 611B of the first lens frame 61 and formed in
such a way that a portion thereof 1s cut out 1s provided. The
frame notch 621c¢ has a shape so that a cross-sectional shape
of the msertion portion 621a becomes an L shape. The
second lens group L2 1s held inside of the frame notch 621c¢
and the second lens frame 62 1s disposed such that at least
a portion of the second lens group L2 1s movable to the
inside of the inclination portion 611B in the first lens frame
61.

In the holding portion 621, as illustrated in FIG. 6, a
clearance portion 62156 into which the cam pin 63p of the
third lens frame 63 can be infiltrated by movement of the
second lens frame 62 and the third lens frame 63 and which
1s cut out 1n a U shape 1s formed.

On the outer surface of the frame {fitting portion 621/, as
illustrated 1n FIG. 6 and FIG. 7, slide protrusions 6211 and
621U protruding toward the inner surface of the guide barrel
65 arc formed. The slide protrusions 6211 and 621U are
formed to be abutted on the guide barrel 65 such that the
second lens frame 62 1s slidable with respect to the guide
barrel 65. The slide protrusions 621T and 621U of the
present embodiment are intermittently formed at substan-
tially the equal imtervals of 120° in the circumierential
direction around the optical axis Ax, respectively, and are
formed 1n a long shape which 1s longer 1n the circumierential
direction than the direction along the optical axis Ax.

As 1llustrated 1n FIG. 6, the shide protrusion 62171 1s
provided at the center of the holding portion 621 in the
optical axis Ax direction at the +Y side of the frame notch
621¢c and the slide protrusion 621U 1s provided at the end
portion of the +Y side of the holding portion 621 and 1s
formed at substantially the same position as a position of the
slide protrusion 6211 1n the circumierential direction around
the optical axis Ax. As illustrated i FIG. 7, the shide
protrusion 62171 1s formed to be positioned i the -Y
direction of the cam pin 62p and the slide protrusion 621U
1s Tormed to be positioned 1n the +Y direction of the cam pin
62p 1n the direction along the optical axis Ax. That 1s, the
slide protrusions 6211 and 621U are formed at both sides of
the cam pin 62p by sandwiching the cam pin 62p in the
direction along the optical axis Ax.

The shide protrusion 621T, as illustrated in FIG. 7, 1s
formed to be exposed from the notch 611/ of the first lens
frame 61 due to the positions of the first lens frame 61 and
the second lens frame 62.

As 1llustrated 1n FIG. 7, the third lens frame 63 1s formed
in such a way that the cam pin 63p 1s formed 1n the vicinity
of the +Y side end portion of the holding portion 631 and the
—Y side of the holding portion 631 1s able to be inserted 1nto
the holding portion 621 of the second lens frame 62. In the
third lens frame 63 (holding portion 631), a part formed in
the adjacent second lens frame 62 (holding portion 621) 1s
set as an insertion portion 631a and a part fitted mto the
fitting portion 65A 1s set as a frame fitting portion 631/. The
third lens group L3 1s held within the insertion portion 631a.

On the outer surface of the frame fitting portion 631/, as
illustrated 1n FIG. 6 and FIG. 7, a slide protrusion 631T
protruding toward the 1nner surface of the guide barrel 65 1s
formed at the end portion of the +Y side. The slide protru-
s10n 6317 1s formed to be abutted on the guide barrel 63 such
that the third lens frame 63 i1s slidable with respect to the
guide barrel 65. The slide protrusion 6311 of the present
embodiment 1s intermittently formed at substantially the
equal intervals of 120° in the circumiferential direction
around the optical axis Ax and 1s formed 1n a long shape
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which 1s longer in the circumierential direction than the
direction along the optical axis Ax.

As such, the second lens frame 62 and the third lens frame
63 among the plurality of the movable lens frames (first lens
frame 61, second lens frame 62, and third lens frame 63)
include insertion portions 621a and 631a mserted to the
lens frame adjacent to one side (light emission side, the -Y
side) of the optical axis Ax and the frame fitting portions
621/ and 631/ fitted into the guide barrel 65, and correspond

to the protrusion lens frames.

The cam pin 61p 1s formed at a position spaced apart from
the center of gravity including the first lens frame 61 and
members attached to the first lens frame 61 in the direction
along the optical axis Ax. Similarly, the cam pin 62p 1is
formed at a position spaced apart from the center of gravity
including the second lens frame 62 and members attached to
the second lens frame 62 and the cam pin 63p 1s formed at
a position spaced apart from the center of gravity including
the third lens frame 63 and members attached to the third
lens frame 63, 1n the direction along the optical axis Ax.

Specifically, as 1llustrated in FIG. 7, the position of the
center of gravity 61L¢g including the first lens frame 61 and
members (first lens group L1 and metal plate PL) attached
to the first lens frame 61 falls within a single lens consti-
tuting the first lens group L1 and the cam pin 61p 1s formed
at the position spaced apart from the position of the center
of gravity 61Lg 1n the +Y direction in the direction along the
optical axis Ax.

The position of the center of gravity 62L¢g including the
second lens frame 62 and members (second lens group L.2)
attached to the second lens frame 62 falls within the second
lens group L2 and the cam pin 62p 1s formed at the position
spaced apart from the position of the center of gravity 62Lg
in the +Y direction. The position of the center of gravity
63L¢g including the third lens frame 63 and members (third
lens group L3) attached to the third lens frame 63 {falls
within the third lens group L3. The cam pin 63p 1s formed
at the position spaced apart from the position of the center
of gravity 63Lg in the +Y direction.

As such, the cam pins 61p, 62p, and 63p in the movable
lens frames (first lens frame 61 to the third lens frame 63 ) are
respectively formed at positions spaced apart in the same
direction (+Y direction) with respect to the respective cen-
ters of gravity 61Lg, 62L¢g, and 63Lg in the direction along
the optical axis Ax.

As described above, the guide barrel 65 includes the
fitting portion 65A and the barrel protruding portion 63B, as
illustrated 1n FIG. 3, the barrel protruding portion 65B 1is
able to allow the frame protruding portion 611A to be
disposed inside thereof and has a shape obtained by remov-
ing a portion so as to expose the inclination portion 611B. An
end surface 65Ba formed to be removed 1s inclined to imitate
the inclination portion 611B.

FIG. 9 1s a perspective view of the guide barrel 65 and the
urging portion 67 when seen from the light emission side
(=Y side). FIG. 10 15 a perspective view of the guide barrel
65 and the urging portion 67 when seen from the light
incidence side (+Y side).

In the mner surface 652 of the fitting portion 65A, as
illustrated 1 FIG. 7 and FIG. 9, a slide protrusion 6525
protruding toward the holding portion 621 of the second lens
frame 62 1s formed.

As 1illustrated 1n FIG. 7, the slhide protrusion 652S 1s
formed to be abutted on the slide protrusions 62171 and 621U
such that the second lens frame 62 1s slidable with respect to
the guide barrel 65.
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The slide protrusions 652S are intermittently formed at
substantially the equal mtervals of 120° in the circumieren-
tial direction around the optical axis Ax and are formed in
two rows to be corresponded to the slide protrusions 62171
and 621U along the optical axis Ax, respectively. The slide
protrusion 652S 1s formed 1n along shape which 1s longer in
the direction along the optical axis Ax than in the circum-
ferential direction. That 1s, the slhide protrusion 652S 1is
abutted on the slide protrusions 621T and 621U formed 1n
the long shape which 1s longer 1n the circumiferential direc-
tion than in the direction along the optical axis Ax with a
small contacting area.

As 1llustrated in FIG. 10, the inner surface 653 of the
mounting portion 65C 1s formed to have an inner diameter
which 1s smaller than the inner diameter of the inner surface
652 of the fitting portion 65A. As 1illustrated in FIG. 7, the
above-described slide protrusion 631T of the third lens
frame 63 1s formed to be abutted on the inner surface 653
such that the third lens frame 63 1s slidable with respect to
the guide barrel 65.

The guide barrel 63 has a function of receiving the first
lens frame 61 urged by the urging portion 67. As 1llustrated
in FIG. 8, the guide barrel 65 includes a wall 65Rx opposing
the wall 611R of the first lens frame 61, a wall 650X
opposing the wall 611L of the first lens frame 61, and walls
65Rz and 651z bent toward the 1nside from the edge portion
of the —Z side of each of the walls 65Rx and 65L.x.

The wall 65Rx 1s formed to be able to abut on the end
surfaces of the protrusions 612a and 6125 protruding from
the wall 611R and receives the first lens frame 61 urged by
the first urging portion 67x 1n the +X direction (first direc-
tion). The walls 65Rz and 651z are formed to be able to abut
on the protrusions 612a and 613a and recerves the first lens
frame 61 urged by the second urging portion 67z 1n the —Z
direction (second direction). The walls 65Rx, 65Rz, and
65z correspond to the receiving portion.

As described above, the urging portion 67 includes the
first urging portion 67x and the second urging portion 67z.

The first urging portion 67x and the second urging portion
67z are configured with leal springs having elasticity and
made of a metal plate material and, as 1llustrated 1n FIG. 10,
include a fixing portion 671 supported on the guide barrel 65
and a pushing portion 672 pushing the first lens frame 61.

As 1llustrated 1n FIG. 7 and FIG. 10, the second urging
portion 67z 1s disposed 1n such a way that the fixing portion
671 1s fixed to the outer surface of the +Z side of the barrel
protruding portion 65B by a screw, the pushing portion 672
1s 1nserted from a hole provided at the barrel protruding
portion 658, and the tip portion of the pushing portion 672
infiltrates ito the barrel protruding portion 65B.

As 1illustrated 1n FIG. 7, the second urging portion 67z
urges the frame protruding portion 611A in the -7 direction
at a position closer than the cam pin 61p with respect to the
center of gravity 61L¢g 1n the direction along the optical axis
Ax. Specifically, the second urging portion 67z urges a
portion located 1n the vicinity of the first lens group L1, that
1s, a portion located 1n the vicinity of the center of gravity
61Lg, in the direction along the optical axis Ax. More
specifically, 1n the second urging portion 67z, the tip portion
of the pushing portion 672 is abutted on the protrusion 611¢
formed at the +Y side of the lens attaching portion 611C to
urge the first lens frame 61.

As 1llustrated 1n FIG. 10, the first urging portion 67x 1s
disposed 1n such a way that the fixing portion 671 1s fixed to
the outer surface of the —X side of the barrel protruding
portion 65B by a screw and the tip portion of the pushing
portion 672 infiltrates into the barrel protruding portion 65B
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from a hole provided at the barrel protruding portion 65B.
Similar to the second urging portion 67z, the first urging
portion 67x urges the frame protruding portion 611A at a
position closer than the cam pin 61p with respect to the
center of gravity 61Lg 1n the direction along the optical axis
Ax and urges the vicinity of the center of gravity 61L¢g in the
+X direction.

The first lens frame 61 urged by the urging portion 67 1s
slidably abutted on the receiving portion with respect to the
guide barrel 63.

Specifically, as 1llustrated in FI1G. 8, the first lens frame 61
1s urged with an urging force Fx by the first urging portion
67x and the protrusions 612a and 6126 are abutted on the
wall 65Rx. The first lens frame 61 1s urged with an urging
force Fz by the second urging portion 67z, the protrusions
612a 1s abutted on the wall 65Rz, and the protrusions 6134
1s abutted on the wall 651 z.

As such, the urging portion 67 urges the first lens frame
61 positioned closest to the light emission side (=Y side)
among the plurality of the movable lens frames (first lens
frame 61 to third lens frame 63). The urging portion 67 urges
the first lens frame 61, which 1s positioned closest at an end
on a side (=Y direction) opposite to the direction (+Y
direction) mm which the cam pins 61p, 62p, and 63p are
formed to be spaced apart with respect to the centers of
gravity 61Lg, 62Lg, and 63Lg, respectively, in the same
direction, among the movable first lens frame 61 to the third
lens frame 63 1n the direction along the optical axis Ax.

When the cam barrel 66 1s rotated, the surface of the +X
side of the protrusions 612a and 6125 of the first lens frame
61 slides on the surface of the —X side of the wall 65Rx and
the surface of the —Z side of the protrusions 612a and 6134
slides on the surface of the +Z side of the walls 65Rz and
65Lz. As such, the walls 65Rx, 65Rz, and 65Lz as the
receiving portion slidably receive the first lens frame 61. The
first lens frame 61 slides with respect to the pushing portion
672 of the urging portion 67.

The slide protrusions 621T and 621U are abutted on the
slide protrusion 652S of the guide barrel 65 so as to allow
the second lens frame 62 to be slid and the slide protrusion
6317 1s abutted on the 1nner surface 653 of the guide barrel
65 so as to allow the third lens frame 63 to be slid.

As such, the slide protrusions 621T and 621U, and 652S
are abutted such that the second lens frame 62 (protrusion
lens frame) 1s slidable with respect to the guide barrel 65 and
the slide protrusion 6317 1s abutted such that the third lens
frame 63 (protrusion lens frame) 1s slidable with respect to
the guide barrel 65. The slide protrusions 62171 and 621U,
and 6328 correspond to a second correction portion correct-
ing the inclination of the second lens frame 62 with respect
to the optical axis Ax and the slide protrusion 6311 corre-
sponds to a second correction portion correcting the incli-
nation of the third lens frame 63 with respect to the optical
axis AX.

As described above, according to the present embodi-
ment, 1t 1s possible to obtain the following efiects.

(1) In the first lens frame 61, although the cam pin 61p 1s
formed at a position spaced apart from the center of gravity
61L ¢, the inclination with respect to the optical axis Ax due
to the urging portion 67 (first correction portion) and the
receiving portion 1s suppressed. Accordingly, it 1s possible to
suppress the inclination of the first lens group L1 while
increasing ifreedom of arrangement of the cam pin 61p or
mimaturizing of the cam barrel 66 1n the direction along the
optical axis Ax. Accordingly, it becomes possible to provide
the optical projection device 5 which suppresses distortion
of an 1mage and projects an 1mage with excellent image
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quality while achieving suppression of complication, or
miniaturization, light weighting of a structure or configuring
member. Since the inclination 1s suppressed, smooth move-
ment becomes possible 1n the first lens frame 61, 1t becomes
possible to make an operating force small 1n a configuration
in which the cam barrel 66 1s manually rotated, and it
becomes possible to realize less power consumption in a
configuration in which the cam barrel 66 1s electrically
rotated.

(2) Since the urging portion 67 urges a portion located in
the vicinity of the center of gravity 61Lg 1n the direction
along the optical axis Ax, 1t becomes possible to efliciently
transmit the urging force for suppressing the inclination of
the first lens frame 61 to the first lens frame 61. Accordingly,
it becomes possible to miniaturize the urging portion 67 and
simplily a shape of the urging portion 67. Since it 1s possible
to make the urging force small, 1t becomes possible for the
optical projection device 5 to be easily assembled even 1n the
configuration 1n which the urging portion 67 1s included.

(3) The first lens frame 61 includes the frame protruding
portion 611 A protruding from the cam barrel 66 to the light
emission side and the urging portion 67 urges the frame
protruding portion 611A. With thus, it 1s possible to make a
s1ze of the cam barrel 66 1n the direction along the optical
axis Ax small and 1t becomes possible to suppress the
inclination of the first lens frame 61 with respect to the
optical axis AX even 1n a configuration in which the center
of gravity 61Lg resides outside of the cam barrel 66 1n the
direction along the optical axis Ax.

(4) The cam pins 61p, 62p, and 63p are respectively
formed at positions spaced apart 1n the same direction (+Y
direction) with respect to the respective centers of gravity
61Lg, 62Lg, and 63Lg in the direction along the optical axis
Ax. The urging portion 67 urges the first lens frame 61,
which 1s positioned closest at an end on a side (-Y direction)
opposite to the direction (+Y direction) 1n which the cam
pins 61p, 62p, and 63p are formed to be spaced apart 1n the
same direction, among the movable first lens frame 61,
second lens frame 62, and third lens frame 63. With this, 1t
1s possible to mimiaturize the cam barrel 66 1n the direction
along the optical axis Ax and it becomes possible to suppress
complication of a structure and suppress the inclination of
the first lens frame 61, which 1s disposed closest to the light
emission side, with respect to the optical axis even 1n a
configuration in which the plurality of the movable lens
groups are included.

(5) Since the optical projection device 5 includes the
second optical system 7 having the reflection mirror 71, it
becomes possible to change the direction of light from the
first optical system 6 and widen the angle of light by the
reflection mirror 71. Accordingly, 1t 1s possible to provide
the optical projection device 5 disposed close to the projec-
tion surtface and capable of widening the angle.

(6) Since the urging portion 67 includes the first urging
portion 67x and the second urging portion 67z, 1t 1s possible
to suppress the inclination 1n two directions of the first lens
frame 61. With this, 1t becomes possible to provide the
optical projection device 5 projecting an 1mage with excel-
lent 1mage quality.

(7) The walls 65Rx, 65Rz, and 651z as the receiving
portions are formed in the guide barrel 65 1nside of which
the first lens frame 61 1s disposed and are formed to slidably
receive the first lens frame 61. With this, it becomes possible
to provide a configuration 1n which the inclination of the first
lens frame 61 1s accurately suppressed.

(8) The urging portion 67 1s configured with a leaf spring
and 1s supported on the guide barrel 65. With this, 1t becomes
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possible to provide a configuration 1n which the first lens
frame 61 1s urged 1n a simple structure while achieving
space-saving of disposition space of the urging portion 67 1n
a simple structure.

(9) The slide protrusions 6211 and 621U are abutted on
the slide protrusion 652S of the guide barrel 65 so that the
second lens frame 62 slides and the slide protrusion 6317 1s
abutted on the 1nner surface 653 of the guide barrel 65 so that
the third lens frame 63 slides. That 1s, since the inclination
of the second lens group L2 and the third lens group L3 with
respect to the optical axis Ax 1s suppressed by the second
correction portion (slide protrusions 62171, 621U, 652S, and
63171), 1t becomes possible to provide the optical projection
device 5 projecting an 1mage with excellent image quality.

(10) The slide protrusion 6217 1s provided in the second
lens frame 62 and the slide protrusion 62171 passes through
the notch 611/ formed on the first lens frame 61 and abuts
the inner surface of the guide barrel 65. Since the slide
protrusion 62171 1s formed at a position closer than the cam
pin 62p with respect to the center of gravity 62Lg in the
direction along the optical axis Ax, 1t becomes possible to
ciliciently suppress the inclination of the second lens frame
62 with respect to the optical axis Ax.

(11) In the second lens frame 62, both sides of the cam pin
62p are slidably abutted on the guide barrel 65 (slide
protrusion 652S) by the slide protrusions 62171 and 621U in
the direction along the optical axis Ax. In the second lens
frame 62, two points become slidably abutted on the guide
barrel 65 in the direction along the optical axis Ax. With this,
it becomes possible to further suppress the inclination of the
second lens frame 62 with respect to the optical axis Ax.

Since the slide protrusion 6525 and the slide protrusions
62171 and 621U are formed to be abutted to each other with
a small contacting area, it becomes possible to move the
second lens frame 62 1n a light load even 1n a configuration
in which two points are slidably abutted on the guide barrel
65 1n the direction along the optical axis Ax.

(12) The slide protrusions 621T and 621U, 6311 are

intermittently formed in the circumierential direction around
the optical axis Ax. With this, simplification of a mold
structure for forming the slide protrusions 6217, 621U, and
6311 or mold processing for finely adjusting the size of the
slide protrusions 62171, 621U, and 631T becomes ecasier
compared to a configuration in which the slide protrusions
are formed throughout the entire circumierence around the
optical axis Ax.

(13) Since the inclination of the movable lens groups (first
lens group L1 to the third lens group L.3) contributing to the
focus adjustment with respect to the optical axis Ax 1s
suppressed, 1t becomes possible to provide the optical pro-
jection device 5 suppressing distortion of an 1mage and
projecting an image with excellent image quality, even when
the focus adjustment 1s performed.

(14) Since the projector 1 includes the optical projection
device 35, the projector 1 becomes possible to suppress
distortion of light modulated by the optical modulation
device 351 and project an 1mage with excellent image
quality while achieving mimaturization.

Second Embodiment

Hereinafter, a optical projection device according to a
second embodiment will be described with reference to the
drawings. In the following description, the same reference
numerals are given to the same configurations and same
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members as those of the optical projection device 5 of the
first embodiment and description thereof will be omitted or
simplified.

FIG. 11 1s a cross-sectional view of a optical projection
device 15 of the present embodiment.

As 1llustrated 1n FIG. 11, the optical projection device 15
includes a first optical system 16 of which the configuration
1s different from the first optical system 6 of the first
embodiment.

The first optical system 16 includes a guide barrel 167, a
cam barrel 168, a first lens group M1 to a sixth lens group
M6 sequentially disposed from the light emission side (=Y
side) along the optical axis Ax, a first lens frame 161 to a
sixth lens frame 166 that respectively hold the first lens
group M1 to the sixth lens group M6, and a ring-shaped
clastic member 8 as a correction portion.

The second lens group M2 to the fourth lens group M4 are
movable lens groups capable of being moved along the
optical axis Ax. The second lens frame 162 to the fourth lens
frame 164 are movable lens frames that respectively hold the
second lens group M2 to the fourth lens group M4.

The first lens group M1, the fifth lens group M3, and the
sixth lens group M6 are respectively held 1n the first lens
frame 161, the fifth lens frame 165, and the sixth lens frame
166 and fixed to a gmide barrel 167.

FIG. 12 and FIG. 13 are exploded perspective views of a
first optical system 16. Specifically, FIG. 12 1s a diagram
illustrating mainly the light emission side (=Y side) 1n the
first optical system 16 and FIG. 13 1s a diagram illustrating
mainly the light incidence side (+Y side) in the first optical
system 16.

As 1llustrated in FIG. 11 and FIG. 12, the first lens group
M1 i1s configured with a lens M11 which 1s an aspherical lens
and a lens M12 which 1s a spherical lens and 1s cut
horizontally to the optical axis Ax at a predetermined

position 1n the —Z side of the optical axis Ax.

As 1llustrated 1in FIG. 12, the first lens frame 161 includes
a holding portion 1611 that holds the lens M11 and a holding
portion 1612 that holds the lens M12. The lens M11 1s
inserted from the front side (-Y side) of the holding portion
1611 and three positions on the outer peripheral portion of
the lens M11 are held by a holding piece PL2 and are fixed
by a screw. The lens M12 1s inserted from the rear side (+Y
side) of the holding portion 1612 and the outer peripheral
portion 1s held by heat-caulking.

In the first lens frame 161, a fixing portion 161a extending
in the direction intersecting with the optical axis Ax 1s
formed on the outer peripheral surface of the holding portion
1612. A hole portion 1615 1nto which a screw Scr 1s 1nserted
1s formed in the fixing portion 161a. The screw Scr 1is
inserted into the hole portion 1615 such that the first lens
frame 161 1s fixed to the guide barrel 167.

The second lens group M2 1s configured with a lens M21
which 1s an aspherical lens and 1s cut horizontally to the
optical axis Ax at a predetermined position in the upper side
of the optical axis Ax.

As 1llustrated in FIG. 12, the second lens frame 162
includes a holding portion 1621 that holds the lens M21 and
a cam pin 162p.

The holding portion 1621 1s formed 1n a generally cylin-
drical shape. An inclination portion 1622 joined with the
inclination portion 521 of the cover 31B (see FIG. 11) 1s
formed on the upper portion of the outer peripheral surface
of the front side of the holding portion 1621. An accommo-
dation portion 1621a accommodating the lens M21 from the
front side 1s formed on the front side end portion of the
holding portion 1621.
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A cam pin 162p 1s formed to be protruded to the outside
from the outer peripheral surface of the rear side end portion
(cylindrical portion 162156) of the holding portion 1621 1n
the direction intersecting with the optical axis Ax. Three cam
pins 162p are formed at equal intervals of 120° in the
circumierential direction around the optlcal axis Ax. The
cam pin 162p 1s formed 1n a tapered shape 1n which the tip
portion becomes gradually thinner in a columnar shape.

The third lens group M3 1s configured with a lens M31
which 1s a spherical lens. The third lens frame 163 includes
a holding portion 1631 formed in a cylindrical shape and
holding a lens M31 and three cam pins 163p. An inserted
portion 1631a which will be described later and formed 1n
a cylindrical shape 1s formed at the front side of the holding
portion 1631. An accommodation portion 16315 accommo-
dating the lens M31 from the front side 1s formed on the
front side end portion of the inserted portion 1631a. The lens
M31 1s held 1n the accommodation portion 16315 by heat-
caulking. The cam pin 163p 1s formed 1 a cylindrical
portion 1631c¢ having the outer diameter larger than the outer
diameter of the inserted portion 1631a at the +Y side of the
inserted portion 1631a similar to the cam pin 162p.

The fourth lens group M4 is configured with a lens M41
which 1s a spherical lens. The fourth lens frame 164 includes
a holding portion 1641 formed in a cylindrical shape and
holding a lens M41 and three cam pins 164p. An 1nsertion
portion 1641a which will be described later and formed 1n
a cylindrical shape 1s formed at the front side of the holding
portion 1641. An accommodation portion 16415 accommo-
dating the lens M41 from the front side 1s formed on the
front side end portion of the insertion portion 1641a. A
groove portion 16414 formed 1 a concave shape with a
predetermined diameter in the peripheral direction 1s pro-
vided in the edge portion of the front side on the outer
peripheral surface of the insertion portion 1641a. The lens
M41 1s held 1n the accommodation portion 16415 by heat-
caulking. The cam pin 164p 1s provided in the +Y side of the
insertion portion 1641aq and formed 1n a cylindrical portion
1641¢ having the outer diameter larger than the outer
diameter of the msertion portion 1641a similar to the cam
pin 162p.

A rning-shaped elastic member 8 as an elastic member 1s
installed at the groove portion 1641d. The ring-shaped
clastic member 8 1s formed in a ring shape of which the
cross-sectional shape 1s generally circular. The nng-shaped
clastic member 8 1s configured with a rubber member (for
example, silicon based rubber material) and 1s formed to
have a diameter slightly smaller than a predetermined diam-
cter of the groove portion 16414. The ring-shaped elastic
member 8 1s nstalled at the fourth lens frame 164 (insertion
portion 1641a) in a state where the ring-shaped elastic
member 8 1s fitted 1nto the groove portion 16414 to thereby
push the groove portion 16414 to a central direction. The
ring-shaped elastic member 8 1s formed 1n such a way that
the ring-shaped elastic member 8 1s fitted into the groove
portion 16414 to thereby protrude slightly from the outer
surface of the insertion portion 1641a. The ring-shaped
clastic member 8 1s 1n a state where being abutted on the
inner peripheral surface of the inserted portion 16314 1n the
third lens frame 163 and pushing the third lens frame 163
from the inner surface side.

In the fourth lens frame 164, an insertion portion 1641a
1s 1nserted into the inserted portion 1631a of the third lens
frame 163 and the cylindrical portion 1641 ¢ is fitted 1nto the
guide barrel 167. The fourth lens group M4 corresponds to
an adjacently-provided lens group adjacent to the third lens
group M3 which 1s the movable lens group and the fourth
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lens frame 164 that holds the fourth lens group M4 (adja-
cently-provided lens group) corresponds to an adjacently-
provided holding frame.

As 1llustrated 1n FIG. 13, the fifth lens group MS 1s
configured with a lens M51 which 1s a spherical lens. The
fifth lens frame 165 includes a holding portion 1651 formed
in a cylindrical shape and holding the lens M51. An accom-
modation portion 1652 accommodating the lens M51 from
the front side 1s formed on the front side end portion of the
holding portion 1651. The lens M31 1s held 1n the accom-
modation portion 1652 by heat-caulking. On the outer
peripheral surface of the rear side end portion of the holding
portion 1651, a tlange 1653 extending with a predetermined
diameter 1n the direction intersecting with the optical axis

Ax 1s formed. The fifth lens group M5 (fifth lens frame 165)

1s a fixed lens group in the first optical system 16. In the fifth
lens frame 165, the holding portion 1651 1s inserted from the
+Y side of the guide barrel 167 and the flange 16353 1s fixed
to the guide barrel 167 by being fastened to the +Y side end
portion of the guide barrel 167 by a screw.

As 1llustrated 1n FIG. 11, the sixth lens group M6 1is
configured with a plurality of lenses. The sixth lens frame
166 includes a diaphragm and is configured to be divided
into two portions around the diaphragm. One of the divided
frames 1s rotated to perform optical axis adjustment (align-
ing) after lenses corresponding to the divided frames are
installed. Thereafter, the divided frames are integrated by
being fixed with an adhesive.

A relationship between the third lens frame 163, the fourth
lens frame 164, and the ring-shaped elastic member 8 will be
described using FIG. 14 and FIG. 15.

FIG. 14 and FIG. 15 are cross-sectional views of a portion
in the vicinity of the rnng-shaped elastic member 8 in the first
optical system 16, FIG. 14 1s a diagram 1llustrating a state 1n
which the third lens group M3 and the fourth lens group M4
are located closest to each other (adjacent state), and FIG. 15
1s a diagram 1illustrating a state 1n which the third lens group
M3 and the fourth lens group M4 are located farthest away
from each other (distant state).

As 1llustrated in FIG. 14 and FIG. 15, an abutting surface
portion 16311 protruding to the 1nside 1s formed on the inner
peripheral surface of the inserted portion 1631a of the third
lens frame 163.

When the cam barrel 168 1s rotated, the third lens frame
163 and the fourth lens frame 164 are moved independently
cach other and a distance between the third lens frame 163
and the fourth lens frame 164 1s changed between the
adjacent state (see FIG. 14) and a distant state (see FI1G. 15).

The rning-shaped elastic member 8 i1s abutted on the
surface of the abutting surface portion 16311 to push the
abutting surface portion 16311 (third lens frame 163)
between the adjacent state and the distant state. The abutting,
surface portion 16311 is subjected to surface machining so
as to allow the ring-shaped elastic member 8 to be smoothly
slid.

As such, the rning-shaped elastic member 8 1s slid on the
abutting surface portion 16311 by rotation of the cam barrel
168 and 1s 1n a state of always pushing the abutting surface
portion 16311 within a movable range of the third lens frame
163 and the fourth lens frame 164. The ring-shaped elastic
member 8 always pushes the abutting surface portion 16311
and a state 1n which a clearance the holding portion 1641 of
the fourth lens frame 164 and the holding portion 1631 of the
third lens frame 163 1s uniformly maintained 1s caused.

As described above, the following effects can be obtained
according to the present embodiment.
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(1) According to the optical projection device 15 of the
present embodiment, the ring-shaped elastic member 8 as an

clastic member is installed in the clearance between the
inserted portion 1631a and the insertion portion 1641a
inserted into the inserted portion 1631a in the third lens
frame 163 and the fourth lens frame 164 that are adjacent to
cach other. With this, it 1s possible to secure a predetermined
clearance by the ring-shaped elastic member 8 even 1n a
configuration in which installation positions of the cam pin
163p and the third lens group M3 are spaced apart in the
third lens frame 163 and a configuration 1n which 1nstalla-
tion positions of the cam pin 164p and the fourth lens group
M4 are spaced apart 1n the fourth lens frame 164. Accord-
ingly, 1t 1s possible to prevent the mutual inclination between
the third lens frame 163 and the fourth lens frame 164 1n a
case where the third lens frame 163 and the fourth lens frame
164 are moved along the optical axis Ax or a case where the
movement 1s ended. The third lens group M3 and the fourth
lens group M4 are prevented from being inclined to thereby
make it possible to maintain lens performance and optical
performance of the optical projection device 15.

(2) According to the optical projection device 15 of the
present embodiment, the ring-shaped elastic member 8 as an
clastic member 1s formed 1n a ring shape and 1s installed at
the groove portion 16414 having a concave shape installed
on the outer peripheral surface of the insertion portion
1641a. As such, it 1s possible to 1nstall the elastic member at
the insertion portion 1641a with a simple structure and allow
the elastic member to be slid on the inner peripheral surface
of the mserted portion 1631a.

Modification Example

The embodiments described above may also be changed
as 1n the following.

Although the optical projection devices 5 and 15 of the
embodiments described above include the second optical
system 7, a configuration 1n which the second optical system
7 1s not included may be adopted.

Although the optical projection device 5 of the first
embodiment includes a first correction portion (urging por-
tion 67) and a second correction portion (slide protrusions
621T, 621U, 6525, and 6317T), a configuration in which the
optical projection device including any one of the first
correction portion and the second correction portion 1is
included may be adopted.

Although the optical projection device 5 of the first
embodiment 1s configured in such a way that the light
emission side 1s one side of the optical axis Ax, the optical
projection device may be configured such that the light
incidence side becomes the one side. That 1s, a configuration
of the optical projection device in which the lens group
disposed closest to the light incidence side among a plurality
of lens groups becomes the movable lens group may be
adopted and a configuration 1n which the cam pin of the
movable lens frame holding the movable lens group 1s
formed at the position spaced apart from the position of the
center of gravity in the light emission direction in the
direction along the optical axis Ax and the urging portion
urges the movable lens frame at a position closer than the
cam pin with respect to the center of gravity may be adopted.
A configuration 1n which the movable lens frame protrudes
to the light incidence side with respect to the cam barrel may
be adopted and a configuration 1n which the urging portion
urges the protruded part may be adopted.

Although the movable lens groups are three in the con-
figurations of the first optical systems 6 and 16 of the
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embodiments described above, the number of lens groups 1s
not limited to three and a configuration 1n which the number
of lens groups 1s one or two, and otherwise, may be four or
more may be adopted.

Although the urging portion 67 of the embodiments
described above 1s configured with two urging portions of
the first urging portion 67x and the second urging portion
67z, the urging portion 67 may be configured with one or
three or more urging portions without being limited to two
urging portions.

In a case where the urging portion 1s configured with one
urging portion, a receiving portion 1s formed to be inclined
with respect to the urging direction by the urging portion and
to include surfaces opposing each other so as to make 1t
possible to suppress the inclination of the lens frame 1n the
direction intersecting with the urging direction 1n addition to
the urging direction.

In a case where the urging portion 1s a plurality of urging
portion, a part connecting adjacent urging portions may be
provided to integrally form a plurality of urging portions.

In the embodiments described above, a configuration 1n
which the urging portion 67 1s supported on the guide barrel
65 1s adopted, the urging portion may be configured to be
supported on the first lens frame 61. In a case of this
configuration, the urging portion urges the first lens frame 61
by a reaction force pushing the guide barrel 65 and 1s moved
together with the first lens frame 61.

A configuration 1n which the movable lens frame disposed
in the mner side among the plurality of disposed movable
lens frames 1s urged may be adopted. For example, a
configuration in which an opening and a receirving portion
are provided 1n the holding portion 611 of the first lens frame
61 of the first embodiment, one end side protrudes from the
opening, and the other end side includes the urging portion
supported on the guide barrel 65 may be adopted and a
confliguration 1 which the urging portion urges the second
lens frame 62 to be received by the receiving portion may be
adopted.

Although the urging portion 67 of the first embodiment 1s
configured with a leaf spring, a configuration in which a coil
spring, a cushion member, or the like may be adopted
without being limited to the leaf spring.

In the first embodiment, a configuration in which the slide
protrusions (allowing the second lens frame 62 to slidably
abut the guide barrel 65) are provided on both of the second
lens frame 62 and the guide barrel 65 1s exemplified, a
configuration in which the slide protrusion 1s formed only on
the second lens frame 62 or only on the guide barrel 65 may
be adopted as long as at least any one of the second lens
frame 62 and the guide barrel 65 1s formed on the slide
protrusion.

Similarly, 1 the first embodiment, a configuration in
which the slide protrusions allowing the third lens frame 63
to slidably abut the guide barrel 65 are provided on the third
lens frame 63 1s exemplified, a configuration 1n which the
slide protrusion 1s formed only on the guide barrel 65 or on
both of the third lens frame 63 and the guide barrel 65 may
be adopted as long as the slide protrusion 1s formed on at
least any one of the third lens frame 63 and the guide barrel
65.

Although the slide protrusions 62171, 621U, and 631T of
the first embodiment are formed intermittently 1n the cir-
cumierential direction around the optical axis Ax but may be
shaped to be formed throughout the entire circumierence
around the optical axis Ax.

Although the ring-shaped elastic member 8 1s 1installed on
the outer surface of the fourth lens frame 164 (insertion
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portion 1641a) of the optical projection device 15 in the
second embodiment, a configuration 1n which the ring-
shaped elastic member 8 1s disposed on the mner surface of
the third lens frame 163 (inserted portion 1631a) may be
adopted.

The optical projection device 15 of the second embodi-
ment 1s configured 1n such a way that the ring-shaped elastic
member 8 15 disposed between the third lens frame 163 and
the fourth lens frame 164, but 1s not limited to the configu-
ration. For example, the ring-shaped elastic member 8 may
be configured to be disposed between the second lens frame
162 and the third lens frame 163 and may be configured to
be disposed between the fourth lens frame 164 and the fifth
lens frame 165 of which the position 1s fixed.

In the optical projection device 15 of the second embodi-
ment, the ring-shaped elastic member 8 as an elastic member
1s formed 1n a ring shape and the cross-sectional shape of
which 1s a circular shape. However, the cross-sectional
shape 1s not limited to the circular shape. For example, the
cross-sectional shape may be a semi-circular shape.

In the optical projection device 135 of the second embodi-
ment, the ring-shaped elastic member 8 (elastic member) 1s
formed 1n a ring shape and 1s 1nstalled on the outer periph-
eral surface around the optical axis Ax. However, formation
of the elastic member 1s not limited to the ring shape. For
example, as the elastic member, a plurality of elastic mem-
bers, each of which has a shape of which the cross section
in the direction orthogonal to the optical axis AX 1s a
semicircular shape and which extends in the optical axis Ax
direction, may be installed on the outer peripheral surface
around the optical axis Ax to be arranged at predetermined
pitches. A plurality of elastic members, each of which has a
spherical shape in plan view, may be installed on the outer
peripheral surface around the optical axis Ax to be arranged
at predetermined pitches and a region of the spherical shape
may be slid on a corresponding frame portion.

In the optical projection device 135 of the second embodi-
ment, the ring-shaped elastic member 8 is installed by being,
fitted 1nto the groove portion 16414 having a concave shape
of the fourth lens frame 164 (insertion portion 1641a).
However, the ring-shaped elastic member 8 may be installed
by being adhered to the outer peripheral surface of the
insertion portion 1641a.

In the optical projection device 15 of the second embodi-
ment, the ring-shaped elastic member 8 (elastic member)
may be coated with a lubricating material such as a fluorine
material so as to perform smoothly sliding.

In the optical projection device 135 of the second embodi-
ment, synthetic resin member with high self-lubricity, for
example, POM (polyacetal), or the like, in addition to the
rubber member as the materials constituting the ring-shaped
clastic member 8 (elastic member) may be used. A metal
spring member may be used as the elastic member.

In the optical projection devices 5 and 15 of the embodi-
ments described above, although the movable lens group 1s
the lens group contributing to the focus adjustment, a
configuration in which a movable lens group contributing to
zoom adjustment 1s included may be adopted and a con-
figuration 1n which the inclination of the movable lens frame
holding the movable lens group with respect to the optical
axis Ax 1s corrected by the correction portion may be
adopted.

In the optical projection devices 5 and 15 of the embodi-
ments described above, although a configuration in which
the cam barrels 66 and 168 are rotated manually 1s adopted,
a configuration 1 which the cam barrels 66 and 168 are
rotated electrically using a motor or the like may be adopted.
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Although a transmissive liqud crystal panel 1s utilized as
an optical modulation device in the projector 1 of the
embodiments described above, a projector utilizing a retlec-
tive liquiad crystal panel may be adopted. A projector which
utilizes a micromirror type optical modulation device, for
example, a digital micromirror device (DMD), as the optical
modulation device may be adopted.

The optical modulation device of the embodiments
described above adopts a so-called three-plate system using
three optical modulation devices corresponding to R light, G
light, and B light, but 1s not limited thereto. The optical
modulation device of the embodiments described above may
adopt a single-plate system, or may also be applied to a
projector including two or four or more optical modulation
devices.

The light source device 31 1s not limited to one which uses
a discharge type and may be configured with another type of
lamp or a light emission diode, a solid light source such as
a laser.

The entire disclosure of Japanese Patent Application No.
2015-13025, filed Jan. 27, 2015 and Japanese Patent Appli-
cation No. 2015-13026, filed Jan. 27, 2015 and Japanese
Patent Application No. 2015-65939, filed Mar. 27, 2015 are

expressly mcorporated by reference herein.

The mvention claimed 1s:

1. A optical projection device including a movable lens

group movable along an optical axis, comprising:
a movable lens frame 1ncluding a holding portion which
holds the movable lens group and a cam pin which
protrudes from the holding portion;
a guide barrel which includes a straight movement groove
extending 1n the same direction as the direction along
the optical axis and 1n which the cam pin 1s inserted into
the straight movement groove;
a cam barrel which includes a cam groove mto which the
guide barrel 1s fitted and with which the cam pin
protruding from the straight movement groove 1is
engaged and which 1s rotated with respect to the guide
barrel to thereby guide the cam pin by the straight
movement groove and the cam groove and move the
movable lens frame along the optical axis; and
a correction portion which corrects the inclination of the
movable lens frame with respect to the optical axis,
wherein:
the cam pin 1s formed at a position spaced apart from
the center of gravity including the movable lens
frame and members attached to the movable lens
frame 1n the direction along the optical axis,

the correction portion 1s an urging portion which urges
the movable lens frame 1 a direction intersecting
with the direction along the optical axis,

the optical projection device includes a receiving por-
tion which receives the movable lens frame urged by
the urging portion,

the urging portion urges the movable lens frame at a
position closer than the cam pin with respect to the
center of gravity in the direction along the optical
axis,

the movable lens frame protrudes from the cam barrel
to the light emission side and includes a frame
protruding portion holding the movable lens group,

and
the urging portion urges the frame protruding portion.
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2. The optical projection device according to claim claim
1,

wherein the urging portion urges a portion located 1n the
vicinity of the center of gravity in the direction along
the optical axis.

3. The optical projection device according to claim 1,

turther comprising:

a plurality of the movable lens groups; and

a plurality of the movable lens frames which respectively
hold the plurality of the movable lens groups,

wherein each of the cam pins 1s formed at a position
spaced apart 1n the same direction with respect to the
center of gravity of each of the movable lens frame and
members attached to the movable lens frame in the
direction along the optical axis 1n the plurality of the
movable lens frames, and

the urging portion urges the movable lens frame holding
the movable lens group disposed closest to an end of a
side opposite to the same direction in the direction
along the optical axis, among the plurality of movable
lens groups.

4. The optical projection device according to claim 1,

wherein the urging portion includes a first urging portion
and a second urging portion that urge the movable lens
frame 1n each direction of a first direction and a second
direction that intersect with each other within a plane
orthogonal to the optical axis.

5. The optical projection device according to claim 1,

wherein the recerving portion i1s provided in the guide
barrel and slidably receives the movable lens frame
urged by the urging portion.

6. The optical projection device according to claim 1,

wherein the urging portion 1s a leat spring supported on
the guide barrel or the movable lens frame.

7. The optical projection device according to claim 1,

turther comprising;:

a plurality of the movable lens groups sequentially dis-
posed toward the other side from one side of the optical
axis; and

a plurality of the movable lens frames respectively hold-
ing the plurality of the movable lens groups,

wherein at least one movable lens frame of the plurality
of the movable lens frames 1s a protrusion lens frame
including an 1nsertion portion mserted into the movable
lens frame adjacent to the one side and a frame fitting
portion fitted into the guide barrel, and

the correction portion 1s a slide protrusion which pro-
trudes from at least any one of the inner surface of the
guide barrel and the outer surface of the frame fitting
portion and by which the protrusion lens frame 1s
slidably abutted on the guide barrel.

8. The optical projection device according to claim 7,

wherein the plurality of the movable lens groups include
a top lens group disposed closest to the one side among
the plurality of movable lens groups, and a plurality of
rear-stage lens groups sequentially disposed at the other
side of the top lens group, and

the plurality of the movable lens frames respectively
holding the plurality of the rear-stage lens groups are
the protrusion lens frame.
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9. The optical projection device according to claim 7,

further comprising:

the protrusion lens frame having the slide protrusion, and

wherein a notch allowing the slide protrusion to pass 1s
formed in the movable lens frame into which the
insertion portion of the protrusion lens frame having
the slide protrusion 1s mserted.

10. The optical projection device according to claim 7,

further comprising:

a protrusion lens frame 1n which the slide protrusions are
arranged at both sides between which the cam pin 1s
sandwiched, 1n the direction along the optical axis.

11. The optical projection device according to claim 7,

wherein the slide protrusions are formed intermittently 1n
a circumierential direction around the optical axis.

12. The optical projection device according to claim 1,

further comprising:

an adjacently-provided lens group adjacent to the mov-
able lens group; and

an adjacently-provided holding frame that holds the adja-
cently-provided lens group,

wherein one of any of the movable lens frame and the
adjacently-provided holding frame includes an inser-
tion portion to be serted into the other of the movable
lens frame and the adjacently-provided holding frame,
and the other includes an inserted portion into which
the 1nsertion portion 1s inserted,

the correction portion 1s an elastic member pushed
between the outer peripheral surface of the insertion
portion and the iner peripheral surface of the mserted
portion, and

the elastic member 1s disposed at one of any of the outer
peripheral surface and the inner peripheral surface and
1s formed to be relatively slidable with respect to the
other of the outer peripheral surface and the inner
peripheral surface.

13. The optical projection device according to claim 12,

wherein the movable lens frame and the adjacently-
provided holding frame are moved along the optical
ax1s mndependently of each other.

14. The optical projection device according to claim 12,

wherein a groove portion extending in the peripheral
direction 1s formed on the outer peripheral surface of
the 1nsertion portion, and

the elastic member 1s installed at the groove portion
formed in a ring shape.

15. The optical projection device according to claim 1,

further comprising:

a reflection optical system reflecting light emitted from
the movable lens group.

16. The optical projection device according claim 1,

wherein the movable lens group 1s a lens group contrib-
uting to the focus adjustment.

17. A projector comprising:

a light source;

an optical modulation device that modulates light emaitted
from the light source according to 1mage information;
and

the optical projection device according to claim 1 that
projects light modulated by the optical modulation
device.
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